Introduction: Chronic liver disease (CLD) is a significant and increasingly prevalent co-morbidity in patients undergoing total hip arthroplasty (THA). These patients may develop metabolic bone disease (MBD) and systemic dysfunction, which pose challenges to THA surgery. This systematic review of literature aims to examine clinical outcomes and complications in patients with CLD undergoing THA and provide evidence-based approaches as to the optimization of their perioperative care. Methods: A Pubmed search was performed, identifying eight studies on 28 514 THAs for inclusion. Two additional studies reported on 44 patients undergoing THA post liver transplant. These were reviewed separately. Results: Increased early perioperative complications are reported recurrently. Review of long-term complications demonstrates an increased postoperative infection rate of 0.5% (p < 0.001) and perioperative mortality of 4.1% (p < 0.001). The need for revision surgery is more frequent at 4% (p < 0.001). Aetiology of need for revision surgery included; periprosthestic infection (70%), aseptic loosening (13%), instability (13%), periprosthetic fracture (2%) and liner wear (2%). THA in patients with liver transplants seems to offer functional improvement; however, no studies have formally assessed functional outcomes in the patient with active CLD. Discussion: A multidisciplinary perioperative approach is suggested in order to minimize increased complication risks. Specific measures include optimizing haemoglobin and taking measures to reduce infection. This review also highlights gaps in available literature and guides future research to appraise functional outcomes, further detail long-term failure reasons and study any differences in outcomes and complications based on the range of operative approaches and available implant choices.
Introduction
Chronic liver disease (CLD) is the fifth most common cause of mortality worldwide and its prevalence is increasing [1] . Hepatitis B and C viruses are the most common causes of CLD. Other causes include alcohol, drugs, hereditary and autoimmune diseases. Improvements in medical care have meant that patients with CLD are also surviving longer. Total hip arthroplasty (THA) is indicated to treat debilitating symptoms of hip osteoarthritis, including in those patients with CLD, this following lifestyle modifications and medical management. Several causes of CLD such as Sarcoidosis and Haemochromatosis are themselves associated with joint pathology, which may require THA. Patients whose CLD is secondary to chronic alcohol excess, or who are on long-term corticosteroids to treat CLD, are at an increased risk of developing avascular necrosis of the femoral head, which again may necessitate THA.
Performing THA in patients with CLD is challenging as the disease process induces biological and structural changes in bone, termed metabolic bone disease (MBD), whilst there is also systemic dysfunction [2] . The precise aetiology of bone disorders is thought to differ across the various causes of CLD, and indeed most pathological processes described are still somewhat conjectural [3] . MBD leads to osteopaenia and osteoporosis [4] , whilst abnormal bone remodelling leads to bowing of the proximal femur with thinning of the cortices and widening of the medullary canal [5] . These morphological changes increase the technical challenges of performing THA. In press-fit implants, poor bone quality and unusual morphology means an increased risk of intraoperative fractures, subsidence of the femoral stem and postoperative periprosthestic fractures [6] . In cemented implants, these abnormalities may lead to inadequate cement mantles and an increased risk of aseptic loosening [7] . Coagulopathies in CLD may impair visualization of the surgical field, challenging surgical approach, implant positioning and wound closure. Coagulopathies increase intraoperative blood loss and also compromise the ability to achieve wellprepared, dry bone for bone-cement interdigitation. The use of tranexamic acid in THA has been shown to reduce bleeding without increasing thromboembolic risk [8] . Acetabular THA components have shown good results with both cemented and uncemented techniques in osteoporotic bone [9] . Finally, diminished hepatic biosynthetic and reticulo-endothelial capabilities together with depleted nutritional reserves, increase the risk of poor wound healing, superficial and deep infections.
With regard to the CLD patient, studies in English literature have reviewed surgical outcomes when performing general surgeries, and cumulating mixed arthoplasty cases, with reports of increased morbidity and mortality [10] . However, there are limited data in English literature on the specific risks for CLD patients undergoing THA. The objective of this study was to gather and systematically review available evidence in this area, summating the risks that a medical team must be aware of when considering THA in the patient with CLD. In addition, this review aims to evaluate functional outcomes in this patient group to assess whether the known technical challenges in this patient group are being successfully overcome.
Materials and methods

Search strategy
Databases PUBMED, MEDLINE and EMBASE were searched to identify relevant studies in English literature that addressed the results of THA in patients with CLD between 1980 and August 2019. This was performed in line with the PRISMA statement. Keywords used for the searches were "hip arthroplasty" OR "total hip arthroplasty" OR "total hip replacement" AND "Chronic Liver disease" OR "Liver Failure" OR "Cirrhosis" OR "Hepatitis". The bibliographies of included studies and relevant foundation materials were reviewed judiciously to identify any supplementary studies for the review and for pertinent background materials
Eligibility criteria
Inclusion criteria included all papers, describing the results of THA in patients with CLD published in the English language. Isolated case reports/series with five or less patients were excluded. The included articles met the PICO criteria (Population, Intervention, Comparison and Outcomes) for systematic reviews. Figure 1 is the PRISMA flowchart illustrating the systematic search and screening strategy resulting in the final number of records included.
Data extraction
One reviewer extracted data through a standardized data collection form, and then another reviewer checked the data for accuracy. Any issues flagged up, or discrepancies in results were resolved by discussion. Data on the number of patients, age, follow-up period, type of implant, type of fixation, complications, re-operations, revision rate and functional outcomes were extracted and entered in a spreadsheet.
Statistical analysis
All analyses compared CLD and non-CLD (control) patients, and all outcomes were binary in nature. The Chisquare test was used to compare groups for the majority of outcomes. The exception was for outcomes where the dataset was small in which Fisher's exact test was performed. A p value of <0.05 was considered statistically significant.
Results
Search results
A total of 26 relevant article titles were identified. After application of eligibility criteria described, eight studies [11] [12] [13] [14] [15] [16] [17] [18] qualified for inclusion. Two further studies [19, 20] reported on outcomes of THA in patients post liver transplantation for CLD, and this was deemed an interesting group for comment separately.
Quality assessment
The included studies were small-to-large size retrospective case series (n = 19-27 401). The range of follow-up in the studies was 1-144 months. There was a significant heterogeneity between studies in terms of outcome recording.
Cohort characteristics
The studies included 28 514 THAs performed in patients with a mean age of 57.3 years and mean follow up period of 13.5 months (range 1-144 months). Only two studies [12, 17] documented the types of implant used. There were an additional 44 THAs performed in patients post liver transplant with a mean age of 51.7 and mean follow up of 40.3 months [19, 20] 42 uncemented THAs (95%) and two cemented THAs (5%) were included in this subgroup of patients.
Outcome analysis Functional outcome
Both studies in patients with liver transplant patients reported significant improvements in patient satisfaction and hip function following THA [19, 20] . The remaining studies did not report on functional outcome scores following THA.
Aseptic loosening
Two studies reported on rates of aseptic loosening [12, 17] . There was an increased risk of aseptic loosening at 7% (6/85 THAs) compared with 0% in controls (p = 0.03). There was no comment on the mean timing of implant loosening. In patients with liver transplantation, there was one case of aseptic loosening in 44 THAs (2%), this at 39 months of follow-up. Further stratification based on cemented or uncemented prostheses was not recorded.
Revisions rate
Six studies reported on implant failure and revision rates [11] [12] [13] [16] [17] [18] . There was an increased rate of revision surgery at 4% (46/1083 THAs) compared with 0.2% in controls (p < 0.001). Time to implant failure was not reported. Reasons for implant failure included periprosthestic infection or septic loosening in 70% (n = 32), aseptic loosening in 13% (n = 6), instability in 13% (n = 6), periprosthetic fracture in 2% (n = 1), and polyethylene liner wear with osteolysis in 2% (n = 1). In liver transplant patients, implant failure occurred in three of the 44 patients (7%) at a mean time of 7.1 months. In these patients, implant failure secondary to instability with dislocation occurred in 67% (n = 2), and aseptic loosening in 33% (n = 1). Further stratification of implant failure based on the type of implant or revision surgery was not recorded. 
Infection rate
Infection rate was reported in seven studies [12] [13] [14] [15] [16] [17] [18] , which included 28 495 THAs. There was an increased infection rate in CLD patients, at 0.5% (range 0.3%-15.4%) compared with 0.15% in controls (p < 0.001). Two studies recorded separate infection rates for elective arthroplasty cases versus emergency cases [13, 18] . This amounted to 954 THAs, including 803 elective cases and 151 urgent procedures. There was an increased mean infection rate for elective cases at 4.1% (n = 33, p < 0.001) and for urgent cases at 8.6% (n = 13, p < 0.001). In patients with liver transplants, the mean infection rate was 1% [19, 20] Mortality Perioperative mortality rates were documented in five studies [11] [12] [13] [14] 18] amounting to 1048 THAs. The mean perioperative mortality rate was increased in CLD patients at 4.1% compared with 0.2% in controls (p < 0.001). No perioperative mortality was reported in patients with liver transplants. Table 1 summarizes the demographics and key findings of each study included in this systematic review.
Discussion
Anecdotal evidence suggests that THA in patients with CLD is a generally successful procedure. However, this review highlights that there are no objective data within English literature that documents functional outcomes in this patient group, despite the fact that it is accepted that there are increased technical challenges. Indeed this study has found increased infection rates, mortality rates, rates of revision surgery and aseptic loosening in patients with CLD undergoing THA.
Long-term outcome measures are somewhat heterogeneously reported in current literature. These were examined during this study. This review found a revision surgery rate of 4%, with the majority of revisions being for periprosthetic infection/septic loosening of prosthesis (70%). The National Joint Registry (NJR) of England and Wales in 2016 reports a revision rate of 2.6% in THAs, and accordingly the suggestion is that THA revision rates are higher in patients with CLD.
In addition, the most common underlying reason for revisions in NJR data was aseptic loosening at 24.2%, with infection only accounting for 13.8%. The limited numbers and heterogeneity of reporting, limit the ability to draw conclusions; however, there is a suggestion that infection may play a larger role in THA failures in patients with CLD. When considering THA in liver transplant patients, functional outcomes were shown to improve following surgery, with a 2% incidence of aseptic loosening, and a 7% need for revision surgery. Supporting this, Levitsky et al. (2003) [21] conducted a small review of arthroplasty cases in liver transplant patients (eight knee, three hip and one ankle). They found no deaths or major complications. These positive trends offer a faint suggestion that some aspects of MBD associated with CLD might be reversed after liver transplantation; however, the small numbers mean that drawing firm conclusions is not advisable. Indeed Cavanaugh et al. (2015) [22] conducted a retrospective study between 1993 and 2011 of 787 liver transplant patients who had undergone THA or Total Knee Arthroplasty (TKA) finding a higher risk of surgical site infection, renal and cardiorespiratory complications.
The inferences of this review are that there is an increased risk of general surgical and medical complications in patients with CLD undergoing THA. These findings are supported by previous research that has reviewed surgical outcomes in patients with CLD. Ziser et al. (1999) [10] conducted a review of 733 mixed surgeries at the Mayo clinic in 1999. This study reported significantly increased perioperative complications at 30.1%, increased mortality rate at 11.6%, and noted increased mortality with higher Child's Pugh scores. The study also included a small number of hip and pelvic surgeries, and showed that these patients had significantly higher complication rates than other types of surgery (53% vs. 29.4%, p = 0.008). There are several studies that have looked at the outcomes of arthroplasty in patients with CLD, when combining THA and TKA. Deleuran et al. (2015) [23] , retrospectively reviewed 363 THA and TKA cases in patients with CLD between 1995 and 2011. Patients with CLD had increased odds of mortality within 30 days (OR 3.9, 95% CI 1.5-10), deep infection (3.1% vs. 1.4%), and need for revision surgery (3.7% vs. 1.7%) compared to the control group. Tiberi et al. (2014) [24] reviewed clinical outcomes of 115 THA and TKA cases in patients with CLD between 2000 and 2012. This study showed patients with CLD had increased risk of urinary tract infection (p < 0.01), acute kidney injury (p < 0.03), need for transfusion (p < 0.01), dislocation (p = 0.01), infection (p = 0.02), 90-day revision surgery (p = 0.04) and 1 year mortality (p = 0.01) compared to the matched control group. Poultsides et al. (2013) [25] retrospectively reviewed 412 356 THA and 784 335 TKA between 1998 and 2007. Liver disease was found to be an independent risk factor for developing surgical site infection (OR = 2.53, p = 0.0001).
Worldwide, increasing numbers of THAs are being performed annually. It is reasonable to infer that arthroplasty surgeons will be performing THAs in patients with CLD with increasing frequency. It is thus essential to appreciate the medical and surgical issues unique to this patient-group, and particularly how to optimize controllable factors. Patel (1999) [26] discusses in detail systematic approaches to assess and optimize the patient with CLD for surgery. A multi-disciplinary approach is recommended. In line with this paper and other relevant evidence, the following pre-, intra-and post-operative considerations should be addressed:
Pre-operative considerations/requirements
Advice may be sought from haematologists and/or hepatologists as to optimization strategies. The input of microbioloists may be sought on an individual case basis. Preoperative workup should aim to optimize haemoglobin levels. The cause for anaemia should be assessed and treated accordingly. Treatment may include nutritional supplementation such as with iron, or Erythropoietin where there is anaemia of chronic disease [27] . Pre-operative blood transfusion should not be considered a first-line option. It is important to obtain and review good quality radiographic studies of the pelvis and femur to assess bone morphology and quality, and plan surgery including selection of the most appropriate implants. Bisphosphonates have been shown to reduce periprosthetic bone loss and improve implant integration in those with osteoporotic bone [28] and thus should be considered.
Intra-operative considerations
Surgery should be carried out with a focus on minimizing blood loss with vigilant haemostasis and the use of tranexamic acid [8] . Implant choice in THA in patients with CLD is complex. In osteoporotic bone, the surgeon may consider cemented femoral implants to reduce intraoperative fracture rates and aseptic loosening. With uncemented implants, the surgeon must appreciate general recommendations for implant preparation and fixation in osteoporotic bone.
This includes achieving good rim fit and using acetabular screws to enhance fixation in uncemented shells, and cautious femoral preparation and sizing choices.
Postoperative considerations
Vigilant clinical assessment should be made with particular watchfulness for bleeding and infection as well other medical complications. Long-term follow up should include careful clinical and radiographic review for prosthesis loosening.
Limitations
The results of this review must be interpreted with the limitations of this study in mind. All of the studies included in this review article are retrospective studies with their inherent limitations. There is non-uniform reporting of long-term complications, with some studies only reviewing short-term measures. Subgroup analysis has not been performed and confounding variables may have affected the outcomes recorded, for example, the use of immunosuppressant medication or steroids. With only two studies reporting on the type of implant used, it was not possible to draw conclusions or make recommendations as to the optimal implant properties for patients with CLD. The extent of CLD was also not stratified. Despite these limitations, this systematic review provides timely and important information for the medical community in clinical decision making and offering informed patient choices.
Recommendations for research
There is a need for further large studies on patients with CLD undergoing THA. It is important to review functional outcomes so that patients can be fully informed when undertaking the decision to proceed with THA. With the availability of radiographic classifications such as by Dorr et al. (1993) , it would be useful to study whether these influence outcomes, and whether this can be related to implant choices.
Conclusion
A multidisciplinary perioperative approach is recommended in order to minimize increased complication risks, in particular infection, mortality, aseptic loosening and need for revision surgery. Infection may need heightened consideration when trying to avoid the serious complication of need for revision surgery. This review guides future research to appraise functional outcomes of THA in patients with active CLD, further detail long-term failure reasons, and review any differences in outcomes and complications based on various operative approaches and available implants.
